BACKGROUND: high-volume hospitals have been associated with improved patient outcomes for tumors with a relatively low incidence that require complex surgeries, such as esophageal and pancreatic cancer. the volume-outcome association for colorectal cancer is under debate. OBJECTIVE: this study investigated whether hospital volume for colorectal cancer is associated with surgical care characteristics and 5-year overall survival. DESIGN: this is a population-based study. SETTING: Data were gathered from the netherlands Cancer Registry. hospitals were grouped by volume for colon (<50, 50-74, 75-99, and ≥100 resections per year) and rectum (<20, 20-39, and ≥40 resections per year). PATIENTS: all of the patients with primary nonmetastatic colorectal cancer who underwent resection between 2005 and 2012 were included. MAIN OUTCOME MEASURES: Differences in surgical approach, anastomotic leakage, and postoperative 30-day mortality between hospital volumes were analyzed using χ 2 tests and multivariable logistic regression analyses. Cox proportional hazard models were used to investigate the effect of hospital volume on overall survival. RESULTS: this study included 61,394 patients with colorectal cancer. in 2012, 31 of the 91 hospitals performed less than 50 colon cancer resections per year, and 21 of the 90 hospitals performed less than 20 rectal cancer resections per year. no differences in anastomotic leakage rates between hospital volumes were observed. only small differences between hospital volumes were revealed for conversion of laparoscopic to open resection (oR of less than 50 versus 100 or more resections per year = 1.25 (95% Ci, 1.06-1.46)) and postoperative 30-day mortality (colon: oR of less than 50 versus 100 or more resections per year = 1.17 (95% Ci, 1.02-1.35); rectum: oR of less than 20 versus 40 or more resections per year = 1.42 (95% Ci, 1.09-1.84)). no differences in overall survival were found between hospital volumes. LIMITATIONS: although we adjusted for several patient and tumour characteristics, data regarding comorbidity, surgeon volume, local recurrences, and specific postoperative complications other than anastomotic leakage were not available. CONCLUSIONS: in the netherlands, no differences in 5-year survival rates were revealed between hospital volumes for patients with nonmetastatic colorectal cancer.
i n the last decade, there has been an increasing interest in improving quality of cancer care and the need for reliable parameters thereof. Differences in hospital volume and its relation with patient outcomes have been studied extensively in the ongoing debate regarding the centralization of surgical care. [1] [2] [3] in tumors with a relatively low incidence that require complex surgeries, such as esophageal and pancreatic cancers, patients have better short-and long-term outcomes when operated in highvolume hospitals. [4] [5] [6] [7] [8] [9] in 2011, the Dutch society for surgery established a minimum volume norm of 50 colorectal cancer (CRC) resections per year per hospital. in addition, for rectal cancer, a minimum volume norm of 20 resections per year per hospital is required. 10 for patients with CRC, the volumeoutcome association is under debate. a Cochrane review from 2012 showed that 5-year overall survival (os) was higher for patients with CRC who were treated in high-volume hospitals. for only patients with rectal cancer, 5-year os rate but not postoperative mortality was higher in high-volume hospitals. the quality of the evidence was regarded as low in this review, and evidence was based on studies with a large heterogeneity in volume definitions. 11 Because it is still not clear to what extent hospital volume differences between hospitals lead to differences in short-and long-term patient outcomes, we aimed to investigate whether hospital volume determines surgical care characteristics, postoperative 30-day mortality rates, and long-term survival in patients with CRC in the netherlands. on the basis of previous literature, we hypothesized that high-volume hospitals are not associated with better os rates. furthermore, we hypothesized that there was no association between surgical care characteristics (eg, presence of anastomotic leakage and postoperative 30-day mortality) and hospital volumes.
PATIENTS AND METHODS

Data Source
Data from the nationwide population-based netherlands Cancer Registry were used, managed by the netherlands Comprehensive Cancer organisation. information on patient and tumor characteristics, diagnosis, and treatment is routinely extracted from the medical charts. the quality of the data is high because of thorough training of the registration team and computerized consistency checks at regional and national levels. anatomical site of the tumor is registered according to the International Classification of Disease-Oncology. 12 the tnm classification is used for stage notification of the primary tumor, according to the edition valid at the time of cancer diagnosis. 13 
Study Population
all of the patients who underwent surgical resection for primary stage i to iii CRC (C18-C20) between 2005 and 2012 were included. Data for the evaluation of surgical care (eg, surgical approach, emergency resection, and anastomotic leakage) were available in the netherlands Cancer Registry since 2008; therefore, we limited our selection for these analyses to patients who underwent surgical resection in 2009-2012. Patients who underwent surgical resection without primary anastomosis were excluded from the analyses regarding anastomotic leakage (n = 2981).
Disease stage was based on the pathological tnm classification. Patients were stratified by tumor localization: colon (C18) and rectum (rectosigmoid and rectum, C19-20) . tumor localization was categorized into anatomical subsites: proximal colon (C18.0-18.3), transverse colon and splenic flexure (C18.4-18.5), distal colon (C18.6-18.7), unknown or overlapping subsites of the colon (C18.8-18.9), rectosigmoid (C19.9), and rectum (C20.9).
surgical care characteristics were recorded for the following categories: surgical approach (laparoscopic resection versus intent for laparoscopic but conversion to open resection versus open resection), presence of an anastomotic leakage, and postoperative 30-day mortality. anastomotic leakage was only recorded as such if a surgical intervention or readmission was necessary within 2 months after primary anastomosis.
Patient vital status was obtained by linking the netherlands Cancer Registry to the municipal Personal Records Database. Follow-up was completed until January 1, 2015.
Hospital Volumes
after stratification by tumor localization, the number of resections per year per hospital over the period 2005-2012 were calculated. hospitals were divided per year into separate categories for colon and rectal cancer based on their annual hospital volume. hospital volume for colon cancer was divided into 4 categories: less than 50, 50-74, 75-99, and 100 or more resections per year. hospital volume for rectal cancer was divided into 3 categories: less than 20, 20-39, and 40 or more resections per year. the lowest category for colon cancer was based on the Dutch minimum volume norm for CRC because there were no minimum requirements available for colon cancer separately. the lowest category for rectal cancer was based on the Dutch minimum volume norm for rectal cancer. the higher categories for both colon and rectal cancers were chosen to create an equal distribution of patients between hospital volume categories.
all of the hospitals in the netherlands were included. hospitals that merged in the period 2005-2012 were counted as separate until the date of the merge and as 1 after the merge or the subsequent year if this was during the year.
Statistical Analyses
Differences in patient and tumor characteristics, observed proportions of anastomotic leakage, and postoperative 30day mortality rates between hospital volumes were calculated using χ 2 tests after stratification by tumor localization. in addition, for patients with a tumor located in the colon, differences in surgical approach between hospital volumes were analyzed using the same methods. multivariable logistic regression models were used to determine adjusted oRs for surgical approach, presence of anastomotic leakage, and postoperative 30-day mortality adjusting for sex, age, t stage, n stage, differentiation grade, tumor location, and neoadjuvant treatment (the latter for rectal cancer only).
Crude 1-, 3-, and 5-year os rates were calculated using the Kaplan-meier method, and differences in os outcomes were assessed with the log-rank test. os was also determined using Cox proportional hazard models. Patients who survived the first 30 days after the date of resection were included in the survival analyses. Follow-up time was defined as the time between 30 days after resection and either date of death or last follow-up date for patients who were still alive. Patient and tumor characteristics influencing survival were included as covariates in the model to discriminate independent risk factors for death. P values <0.05 were considered statistically significant. sas/stat statistical software (sas system 9.4, sas institute, Cary, nC) was used for all of the analyses. table 2 shows the distribution of patient and tumor characteristics of the patients who underwent surgical resection for CRC by hospital volume and tumor localization. statistically significant differences were found between hospital volumes for colon and rectal cancers with regard to age, period of resection, t stage, n stage, and differentiation grade. table 3 presents observed proportions and adjusted oRs of laparoscopic resection by hospital volume. the distribution of surgical approaches differed between hospital volumes (p < 0.0001). moreover, among patients initially treated laparoscopically, a higher proportion of patients underwent conversion from laparoscopic to open resection in low-volume hospitals compared with high-volume hospitals (p = 0.011; table 3). table 3 presents observed proportions and adjusted oRs of anastomotic leakage by hospital volume and tumor localization. for patients with either colon or rectal cancer, no differences were found between hospital volumes (colon: p = 0.81; rectum: p = 0.97). table 3 presents observed proportions and adjusted oRs for postoperative 30-day mortality by hospital volume and tumor localization. for both colon and rectal cancers, postoperative mortality was marginally higher in low-volume hospitals (colon: p = 0.029; rectum: p = 0.007).
RESULTS
Surgical Approach in Patients With Colon Cancer
Anastomotic Leakage
Postoperative Mortality
Survival
median follow-up time for included patients was 60 months. for patients with colon cancer, crude 1-, 3-, and 5-year observed survival rates were similar between hospital volumes, at 94%, 81%, and 71% (p = 0.49; fig. 2a ). for patients with rectal cancer, crude 1-, 3-, and 5-year observed survival rates were also similar between hospital volumes, at 96%, 84%, and 74% (p = 0.71; fig. 2B ). When the analyses were repeated with the hospitals that performed less than 50 colon resections per year or less than 20 rectum resections per year versus hospitals that performed 50 or more colon resections per year or 20 or more rectum resections per year, similar results were found for os (data not shown).
Subgroup Analyses Excluding Patients Who Underwent Emergency Resection
as a sensitivity analysis, all of the analyses were repeated for the period 2009-2012 excluding patients who underwent emergency resection. similar results were found for surgical approach, presence of anastomotic leakage, postoperative 30-day mortality rate, and os (data not shown).
DISCUSSION
in this population-based study covering the netherlands in the period 2005-2012, we analyzed to what extent hospital volumes lead to differences in short-and long-term patient outcomes. We found no differences in OS between hospitals that did and did not meet the Dutch minimum volume norms for CRC. however, marginal differences were found between hospital volumes in surgical approach and postoperative 30-day mortality rates.
our data were based on all consecutive nonmetastatic CRC patients who underwent resection in the netherlands between 2005 and 2012. Conflicting evidence exists as to whether hospital volume is associated with differences in postoperative mortality and os in CRC. the variation in results between studies may be caused by the hospital volume categories that are differently defined in the literature. the cutoff for low volume ranged from 25 or less to 90 or less CRC resections, and the number of CRC resections considered as high volume ranged from 25 or more to 110 or more. 11 furthermore, the low-volume thresholds used in this study would place Dutch hospitals in high-volume categories in most studies originating from the united states. 1, 14, 15 other studies categorized hospi- tals based on the CRC hospital volume, 16, 17 whereas we intentionally separated colon and rectal cancers because of differences in surgical procedures. a subgroup analysis in a meta-analysis of the Cochrane collaboration, where studies were grouped according to continent of origin, showed that studies originating from other countries than the united states had no significant hospital volume effect on 5-year survival, whereas us data suggested a potential benefit for high-volume hospitals. 11 similar to the results found in non-us studies, we demonstrated no better survival in high-volume hospitals. moreover, patient selection varied between studies; some only included patients aged >65 years with CRC. 18, 19 furthermore, we excluded patients with metastatic disease, whereas others have included these. [19] [20] [21] [22] [23] for patients with colon cancer who were initially treated laparoscopically, we found a slightly higher pro-portion of patients (4%) converted from laparoscopic to open resection in hospitals with less than 50 resections per year compared with hospitals with 100 or more resections per year. van erning et al 24 showed a similar trend in a population-based study in the southern part of the netherlands. laparoscopic resection is proven to be safe, with comparable disease-free and os compared with open resection. 25, 26 however, conversion to open resection is associated with increased morbidity, longer length of hospital stay, and shorter disease-free survival. [27] [28] [29] the technique of laparoscopic resection is still in progress, hence it is likely that variance in proportions of laparoscopic resection between hospitals will decrease. interestingly, marginal differences in postoperative mortality rates were present between hospital volumes for patients with colon or rectal cancer. for patients with rectal cancer, this was in line with a previous Dutch study of elferink et al. 30 in this study, patients who were operated in hospitals with 50 or more resections per year had lower odds of dying within 30 days compared with patients who were operated in hospitals with less than 25 resections per year. When these results are compared with our results, it seems that the postoperative mortality rates have not been changed over time. more studies found an association between postoperative mortality and hospital volumes. 1, 14, [21] [22] [23] 31, 32 a possible explanation could be that a higher standard of care is provided in high-volume hospitals by more specialized and experienced surgeons and by more technically advanced equipment. another possible explanation could be that low-volume hospitals with higher postoperative mortality rates are less skilled to recognize and manage serious complications once they occur, a phenomenon known as failure to rescue. 33 nevertheless, henneman et al 34 showed recently that annual average hospital volume was not significantly associated with failure to rescue in the Netherlands. We found no associations between hospital volumes and the presence of anastomotic leakage, even though lower rates of postoperative complications in high-volume hospitals were expected. Data on other specific postoperative complications were not available. finally, elderly patients and patients with comorbidities were reported to be associated with higher risk of postoperative mortality, but this was not associated with hospital volume. 24 the main strengths of this study are the use of a large data set including more than 60,000 patients with CRC and the inclusion of all of the hospitals in the netherlands. furthermore, the lowest-volume categories in our study were based on the Dutch minimum volume norms. We calculated the annual hospital volume according to tumor location instead of calculating an average over the included years.
Because of the increasing incidence of CRC, 35 hospital volumes became substantially higher through the years. moreover, during the study period some hospitals merged, thereby increasing their annual hospital volume. in antici-pation of the mergers, hospitals may have collaborated and made agreements about the referral of patients who needed complex surgeries. this could have led to a higher number of complex patients treated in certain hospitals, which may have led to a worse outcome in these hospitals. although the number of referred patients may be small and one might expect to see a minor effect, we have adjusted for several patient and tumor characteristics in our analyses.
however, some shortcomings of our study should be noted. We could not adjust for hospital volume of local recurrences (mainly for rectal cancer), which are mostly treated in a limited number of hospitals, thereby underestimating the volume of these hospitals. moreover, a recent Dutch study by homan et al 36 suggested a trend toward a higher involved circumferential resection margin of 13% in patients with rectal cancer at low-volume hospitals (less than 20 per year) versus 6% in high-volume hospitals (more than 40 per year) in a small area of the netherlands. however, data on completeness of the surgical resection, as well as data regarding local recurrence, were not routinely available in the nationwide cancer registry. furthermore, we cannot exclude that other factors, such as variation in comorbidities between patients treated in different hospitals, may have influenced our results as well. moreover, we studied the number of resections on the hospital level and not on the surgeon level. several studies showed that postoperative mortality was lower for surgeons with a higher caseload of patients with colon cancer, regardless of the hospital volume of the hospital in which the surgeons practiced. 15, 22, 31, [37] [38] [39] this suggests that an association between hospital volumes and postoperative mortality could be mediated by surgeon volume. unfortunately, data on surgeon volume were not available.
Because of the large data set, one might dispute whether the statistically significant differences that were present between hospital volumes are clinically relevant. for example, the difference in postoperative mortality rates between lowest-and highest-volume hospitals was ≈1%. future studies should focus on the identification of processes associated with good outcomes and factors causing variation between individual hospitals. however, identification of these processes and their effect on quality of care remains challenging. CONCLUSION no differences in 5-year os rates were revealed between hospital volumes for patients with nonmetastatic CRC. however, marginal differences in surgical approach and postoperative 30-day mortality rates were present between hospital volumes. exploring factors causing variation between hospitals will provide more insight in the qualityof-care debate on whether undergoing a resection in a low-volume hospital is a risk factor for unfavorable patient outcomes. 
